When manufacturing bulk graphite, pores develop within the bulk during the carbonization process due to the volatile components of the fillers and the binders. As a result, the physical properties of bulk graphite are inferior to the theoretical values. Impregnants are impregnated into the pores generated in the carbonization process through pressurization and/or depressurization. The physical properties of bulk graphite that has undergone impregnation and re-carbonization processes are outstanding. In the present study, a green body was manufactured by molding with natural graphite flakes and phenolic resin at 45 MPa. Bulk graphite was manufactured by carbonizing the green body at 700 and it was subsequently impregnated with impregnants having viscosity of 25.0 cP, 10.3 cP, and 5.1 cP, and the samples were re-carbonized at 700°C. The above process was repeated three times. The open porosity of bulk graphite after the final process was 22.25%, 19.86%, and 18.58% in the cases of using the impregnant with viscosity of 25.0 cP, 10.3 cP, and 5.1 cP, respectively.
Introduction
While many ceramic materials possess self-sinterability, cokes, which are the main material of bulk graphite, do not sinter, and hence are used after having been mixed with binders [1] . With petroleum pitch or coal tar pitch as a starting material, cokes used as fillers undergo a state of green cokes, which are generated from heating at approximately 500°C, and are manufactured through thermal treatment at 1200°C-1400°C [2, 3] . The manufactured cokes are mixed with binders having high carbonization yields. Subsequently, bulk graphite is manufactured through molding, carbonization, impregnation, graphitization, and high purity processes. During the carbonization process numerous pores are generated inside the bulk graphite due to the release of volatile components contained in the binders. The material's physical properties, such as its mechanical strength, are degraded due to these pores [4] [5] [6] . To fill the pores generated in the carbonization process, impregnants are penetrated through pressurization and/or depressurization and samples are re-carbonized. The impregnation process is an indispensable part of the bulk graphite manufacture process because it reduces the porosity and consequently improves the density, strength, and electric conductivity of the product [7] . Impregnant viscosity, impregnant surface tension, angle of contact at which impregnation occurs, reactivity during thermal treatment, and carbonization yield can be controlled as variables determining the impregnation effect [8, 9] .
In the present study, after manufacturing bulk graphite by using natural graphite and phenolic resin, the porosity reduction effect according to the viscosity of the impregnants was examined. As an impregnant, phenolic resin was diluted in ethanol (henceforth "solvent") to adjust the viscosity, and then used. After subjecting the manufactured bulk graphite to depressurized impregnation three times, changes in the density and the porosity were measured. Table 1 shows the average values after five measurements of the viscosity, according to the mixture ratios of phenolic resin and the solvent. The viscosity was 25.0 cP for IM-A, 10.3 cP for IM-B, and 5.1 cP for IM-C. As the proportion of the solvent was increased, the viscosity was confirmed to decrease. Fig. 1 shows the measurement results of the density and the porosity according to the impregnant type and the average values of five measurements for each sample. After being impregnated three times, the density compared to that before impregnation tended to increase according to the decrease in impregnant viscosity. The density of bulk graphite impregnated with IM-A increased by 1.23%, that of graphite impregnated with IM-B increased by 2.47%, and that of bulk graphite impregnated with IM-C increased by 3.70%. In addition, the porosity of bulk graphite impregnated three times and then impregnated with IM-A was 22.25%; the sample with IM-B had a value of 19.86% and the sample with IM-C had a value of 18.58%, thus showing that with lower impregnant viscosity, the porosity accordingly decreased. With an increase in the number of times impregnation was performed, pores were confirmed to be better filled. With lower impregnant viscosity, the effect of the impregnants penetrating into the pores was accordingly greater. Table 2 shows the density and the porosity according to the impregnant viscosity. The Hagen-Poiseuille equation represents the depth to
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Experimental Procedure
Raw materials and preparations
For the filler used in the present study, HCP-198 natural graphite flakes (Hyundai Coma Industry, Inc.) were used. For the binder, CB-8081 phenolic resin (Kangnam Chemical Co., Ltd.) was used. The mixed powder was molded at 45 Mpa to manufacture the green body. The manufactured green body was carbonized for 1 h at 700°C in a nitrogen atomoshere [10].
Impregnation
The phenolic resin and the solvent were mixed at weight ratios of 6:4 (henceforth "IM-A"), 5:5 (henceforth "IM-B"), and 4:6 (henceforth "IM-C") to prepare the impregnants; a viscometer (Brookfield; DV-II+ Pro) was used to measure the viscosity. Pores generated by the release of impurities from the filler and volatile components from the binder were filled using impregnation and re-carbonization processes [10] . Depressurized impregnation was performed for 30 minutes and this process was repeated three times.
Density and porosity measurement
Changes in the density and the porosity according to the types of impregnants were measured using the Archimedes method (ISO 18754: 2003) . The volumetric density, including the volume of the bulk graphite's open pores and closed pores (henceforth "density"), was measured. The open porosity (henceforth "porosity") was measured to confirm the impregnation effect. This is necessary because impregnation occurs in channels linked to open pores and thus open porosity data must be analyzed to confirm the impregnation effect according to the type of impregnant [10, 11] .
Results and Discussion
As carbonized
When the green body manufactured with mixed powder was carbonized at 700°C, the density of bulk graphite was 1.66 g/ cm 3 and the porosity was 23.40%. with IM-C was 18.58%. Thus there was a decreasing trend with lower impregnant viscosity. In the present study, the porosity reduction effect was considerable for bulk graphite impregnated with IM-C. In the future, the carbonization yield according to the type of impregnant and the distribution of pore size of the impregnated bulk graphite will be analyzed to develop methods for the impregnation process in the production of high-density bulk graphite. 
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ℓ: penetration depth; γ: surface tension of the solution; r: radii of the capillaries; θ: angle of contact; t: infiltration time; η: viscosity of the solution Because the penetration depth was inversely proportionate to the solution viscosity, impregnants with low viscosity were deemed to have a considerable penetration effect into the pores.
Conclusions
The following conclusions were obtained regarding the effect of impregnant viscosity on changes in the porosity when manufacturing bulk graphite using natural graphite and phenolic resin. When the density and the porosity of bulk graphite manufactured using impregnants with disparate levels of viscosity were analyzed, compared to the density before impregnation, after being impregnated three times, the density increased by 1.23% for bulk graphite impregnated with IM-A, by 2.47% for bulk graphite impregnated with IM-B, and by 3.70% for bulk graphite impregnated with IM-C.
The porosity before impregnation was 23.40%; the porosity of bulk graphite impregnated with IM-A after being impregnated three times was 22.25%, that of bulk graphite impregnated with IM-B was 19.86%, and that of bulk graphite impregnated 
